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TANK  BARGE  DAMAGE  PROFILE  ANAL\S1S 
by 

R.  D.  Lelt 

1.0  INTROJUCTION 

This  report  presents  the  results  of  one  portion  of  the  program 
entitled  "Tank  Barge  Damage  Survey/Temporary  Repair  Study" (Contract  No.  DOT- 
CG*‘23223-A,  Task  16)  conducted  by  Battelle's  Columbus  Laboratories  for  the 
U.  S.  Coast  Guard.  This  program  Is  the  second  phase  of  a  three-phase  program 
to  develop  the  Information  necessary  to  evaluate  temporary  repairs  to  tank 
barges.  Phase  I,  conducted  by  the  National  Maritime  Research  Center, 
Galveston,  Texas,  consisted  of  a  "state-of-the-art"  study  of  tank  barge 
temporary  repairs.  Phase  II  had  three  objectives. 

(1)  To  analyze  the  effectiveness  of  double  barriers  In 
preventing  cargo  tank  penetration  In  tank  barges. 

(2)  To  analyze  and  define  the  profile  of  damages  which 
occur  to  tank  barges. 

(3)  To  develop  suitable  test  procedures  for  the  compila¬ 
tion  of  performance  parameters  of  temporary  repair 
materials  which  are  pertinent  to  the  assessment  of 
their  adequacy  In  use.  These  will  be  recommended 
for  execution  In  Phase  III  of  the  overall  tank  barge 
temporary  repair  program. 

This  report  presents  the  results  of  Item  (2)  above- -the  analysis 
of  tank  barge  damage  profiles. 

2.0  SOURCE  MATERIAL 

The  source  material  upon  which  this  analysis  Is  based  Is  a  compila¬ 
tion  of  over  700  special  damage  survey  reports  submitted  to  Coast  Guard  Head¬ 
quarters  by  field  Inspection  units  (see  Exhibit  1).  The  damages  reported 
were  those  observed  during  approximately  one  year  on  scheduled  Inspections 
and  special  examinations;  as,  for  example,  would  follow  a  casualty  or  major 
repair  activity. 
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EXHIBIT  1.  SAMPLE  DAMAGE  SURVEY  SHEET 


Vtssel  Marne 


1.  Profile  Section 


Official  Number 


(Indicate  damage  on  above  sketches) 

2.  Type  of  damage  (holed,  ftactured,  wasted,  etc.) 

3.  Location  of  center  of  damage 

a.  Longitudinally  from  nearest  end  of  barge 

b.  Vertically  from  bottom 

c.  Longitudinal  extent  of  damage 

d.  Vertical  extent  of  damage 
a.  Transverse  extent  of  damage 

4. -  Single  or  double  sided 

a.  Was  side  cargo  containment  boundary  penetrated? 

b.  Would  the  construction  of  24"  double  sides  have 
prevented  the  side  cargo  containment  boundary 
from  being  penetrated? 


_ ^ 

>'7' 

_ eL 

_ £l 


-ih. 


5.  Single  or  double  bottom 

a.  Was  bottom  cargo  containment  boundary  penetrated: 

b.  Would  the  construction  of  24"  double  bottoms  have 
prevented  the  bottom  cargo  containment  boundary  from 
being  penetrated? 


Po.H 
,jJn .. 


6.  The  last  cargo  carried  In  the  tank  affected/Did  tank  carry 
cargo  at  time  of  damage  (If  Info  Is  readily  available)? 

7.  Probable  cause  of  damage 

8.  Cost  of  permanent  repairs /weight  of  replacing  materials 


_ 
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The  information  contained  in  these  survey  forms  was  analyzed  and 
each  separate  damage  incident  was  coded  onto  data  sheets.  An  example  of  the 
data  sheet  and  coding  Instructions  is  given  in  Appendix  A.  These  data  were 
then  merged  with  the  Vessel  File  (maintained  in  G/MIS)  for  all  barges  in 
which  damages  were  reported.  This  was  necessary  to  obtain  a  complete  data 
base  which  included  physical  barge  descriptors--such  as  key  dimensions-- 
which  were  necessary  for  the  innediate  analysis  purposes  or  may  be  neces¬ 
sary  for  future  analyses.  Appendix  B  contains  the  data  record  layout  which 
resulted.  Ihe  data  base  submitted  to  G/MIS  is  in  accordance  with  this  lay¬ 
out.  A  total  of  1,239  separate  damage  incidents  survived  this  process- 
after  normal  attrition  due  to  incomplete  survey  forms  or  the  lack  of  a 
vessel  "match"  with  the  Vessel  File. 

Ihese  data  were  loaded  onto  the  INFONET'*'  system  for  analysis  using 
the  SALTS  (Safety  Analysis  Logic  Tree  System)  developed  for  the  Coast  Guard 
by  Battelle.  SALTS  is  an  on-line  interactive  computerized  system  designed 
to  facilitate  the  analysis  of  data.  The  system  provides  the  analyst  with 
the  means  to  create  an  analytical  tool,  based  on  fault-tree  logic  and  data¬ 
base  sort  criteria,  for  characterizing  the  contents  of  the  data.  This  tool 
is  created  by  the  user  in  the  form  of  a  "tree"  whose  structure  is  based  on 
nodes  connected  by  logic  gates. 

By  cooiparing  the  data  elements  of  Appendix  A  with  those  supplied 
in  Exhibit  1,  it  will  be  noted  that  considerably  more  information  was  coded 
than  was  specifically  submitted  on  the  survey  forms.  These  added  elements 
were  desirable  for  a  more  complete  analysis  capability.  They  were,  in  most 
cases,  deduced  from  the  totality  of  information  provided  on  the  survey 
reports.  For  example,  end-void  information  was  not  supplied.  However,  if 
the  barge  sustained  a  hole  in  the  end  with  no  tank  penetration,  the  exist¬ 
ence  of  an  end  void  can  be  assumed  with  reasonable  certainty. 

Other  desired  data  elements,  however,  were  not  supplied  and  could 
not  be  deduced  with  certainty.  For  example,  the  transverse  location  of 
damage  was  not  requested.  A  rake  end  on  a  barge  caused  problems  in  locating 

*  SALTS  was  implemented  on  Computer  Science  Corporation's  INFONET  System. 

INFONET  is  an  acronym  coined  by  CSC  to  denote  information  network. 
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•nd  damage.  Many  times  key  questions  were  not  answered.  These  data  defi¬ 
ciencies,  when  combined  with  similar  data  deficiencies  for  some  vessels  in 
the  Vessel  File  (such  as  the  lack  of  key  dimensions) ,  resulted  in  something 
less  than  a  comprehensive  and  accurate  data  base.  The  project  staff  attempted 
to  compensate  for  some  of  these  deficiencies- -again  by  inference.  The  net 
result  is  a  data  base  which  is  compromised  to  come  degree. 

This  discussion  is  not  given  to  dilute  the  reader's  confidence  in 
the  following  analysis  results.  However,  he  is  cautioned  to  observe  the 
trends  discussed  and  not  to  dwell  on  the  accuracy  of  any  specific  number. 

In  general,  these  inaccuracies  will  be  on  the  order  of  1  to  2  percent  with 
die  exception  of  analyses  which  compound  inferences.  In  these  latter  cases, 
special  notice  will  be  given. 


3.0  CONCLUSIONS 

The  analyses  performed  in  this  task  were  aimed  at  (1)  generating 
tank  barge  damage  information  pertinent  to  the  understanding  of  tank  barge 
damages  and  (2)  developing  damage  parameters  pertinent  to  the  establishment 
of  test  procedures  for  temporary  repairs.  As  such,  there  are  no  specific 
conclusions.  Rather,  the  findings  are  embodied  in  the  analyses  performed 
as  discussed  in  the  following  section. 

4.0  PROGRAM  ANALYSES 

The  general  approach  used  in  selecting  the  analyses  to  be  performed 
In  this  task  was  to  analyze  the  barge  damage  data  in  general  form  and  move 
coward  the  specific  forms.  Appendix  D,  a  compilation  of  SALTS  results  ,  is 
arranged  in  this  manner.  Eidiibits  D-1  through  D-8  examine  the  incidence  of 
all  damage,  hull  ruptures,  cracks,  and  holes  with  respect  to  the  bow  and 
stern  for  various  areas  of  the  barge.  Exhibits  D-9  through  D-12  examine 
side  damage  in  a  longitudinal  and  vertical  location  matrix  for  hull  ruptures, 
cracks,  holes,  and  wasted  through  damage  types,  respectively.  Exhibit  D-13 


*  The  event  pool  used  for  these  analyses  is  given  in  Appendix  C. 


. . 
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•xmlnei  the  crack  lengths  sustained;  Exhibit  D-14  examines  the  area  of  holes 
sustained;  and  Exhibit  D-15  examines  the  areas  of  wasted  through  damage  sus¬ 
tained. 

In  general,  all  analyses  reference  a  specific  area  of  a  barge-- 
such  as  side  plane.  These  areas  are  defined  in  Exhibit  2.  In  this  exhibit, 
the  "codes"  given  in  parenthesis  correspond  to  the  names  used  in  the  exhibits 
in  Appendix  D.  For  example,  PAS  means  Plane  Area  Side.  In  the  discussions 
which  follow,  these  codes  will  not  be  used.  They  are  Introduced  here  only 
for  the  reader  who  understands  SALTS  and  wishes  to  examine  Appendix  D  for 
his  own  analytical  purposes. 

4.1  BARGE  DAMAGE  FREQUENCY  BY  TYPE  AND  LOCATION 

The  first  set  of  analyses  was  aimed  at  defining  the  basic  types  of 
damage  and  their  occurrence  with  relation  to  various  areas  of  the  barge 
(Exhibits  D-1  through  D-8) .  Exhibit  3  summarizes  these  results.  In  this 
exhibit,  the  number  of  incidents  of  reported  damage  and  subsequent  hull 
rupture  to  each  major  barge  area  is  given.  In  addition,  the  hull-rupture 
incidents  are  further  subdivided  into  basic  types:  cracks  and  fractures, 
holes,  and  was ted- through  areas.  Each  of  these  damage  types  was  further 
analyzed  to  determine  their  frequency  of  occurrence  in  percentage  Intervals 
of  Che  barge  side  profile. 

Exhibits  4  and  5  were  constructed  from  Exhibit  3.  These  exhibits 
show,  in  graphic  form,  the  relative  frequency  of  damage  and  hull  rupture 
which  occur  in  major  barge  areas.  They  reflect  the  dominance  of  damage  to 
planes— in  terms  of  both  reported  incidents  and  hull  ruptures.  The  knuckles, 
or  intersections  of  basic  planes,  however,  sustain  sufficient  damage  for 
concern  in  Identifying  the  application  environment  for  temporary  repairs. 

Exhibit  6  shows  the  distribution  of  damage  incidents  and  their 
components  with  relation  to  the  side  profile  of  the  barge.  For  example, 
approximately  30  percent  of  all  damages  are  incurred  within  the  first  10 
percent  of  the  barge.  This  is  composed  of  Che  following: 
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IXHIBIT  3.  TASK  BARGE  DAMAGE  PROFILE— SUMMARY  LOCATIONS  BY  TYPE  OF 
DAMAGE  AND  BARGE  AREA  DAMAGED 

Number  of  Incidents  with  Centerline  Location  in  Specified 
Interval— Intervals  are  Percent  of  Barge  Length  Referenced 
from  Bow 


Total 

Nwriifr  of  ,  Ptrcijfit 


Tjrpo  of  Daoago 

large  Area  Dtmaged 

Incidents 

0-10 

10-20 

20-10 

10-40 

40-50 

50-60 

60-70 

70- SO 

80-90 

90-100 

All  Incidents 

All 

1211 

331 

148 

104 

87 

93 

48 

AA 

46 

62 

170 

Null  ruptures 

Ditto 

72A 

223 

84 

59 

42 

47 

23 

26 

28 

16 

111 

Ctscks/frsctutcs 

•  1 

All 

119 

31 

34 

22 

28 

17 

14 

16 

18 

74 

Holos 

*1 

331 

117 

39 

27 

22 

17 

10 

14 

10 

19 

41 

Wastsd  through 

11 

S 

— 

2 

2 

3 

1 

1 

2 

-- 

2 

All  incidents 

Side  plane 

331 

78 

AA 

33 

28 

21 

17 

11 

16 

22 

12 

Null  ruptures 

Ditto 

221 

37 

28 

28 

13 

16 

10 

9 

10 

17 

24 

Crocks/ f rsc ture s 

N 

132 

33 

20 

13 

9 

10 

9 

6 

7 

9 

19 

■olos 

13 

2A 

8 

13 

6 

A 

3 

3 

3 

9 

6 

Wostod  through 

n 

A 

2 

— 

-• 

-- 

2 

-- 

-- 

” 

-- 

All  incidents 

Bottoa  plane 

2AA 

17 

A7 

33 

36 

29 

13 

17 

12 

13 

12 

lull  ruptures 

Ditto 

121 

It 

27 

13 

19 

13 

7 

10 

7 

7 

7 

Crocks/f rsc tu re s 

H 

SA 

A 

13 

8 

6 

8 

1 

3 

A 

3 

1 

■olos 

N 

71 

7 

13 

6 

lA 

A 

3 

A 

2 

A 

6 

Vastod  through 

N 

f 

1 

— 

2 

1 

2 

1 

1 

1 

-- 

— 

All  incidents 

Deck  plane 

A7 

10 

3 

6 

3 

3 

1 

A 

3 

3 

lull  ruptures 

Ditto 

23 

S 

2 

1 

1 

3 

•• 

1 

3 

2 

3 

Cracks/fracturcs 

H 

Id 

2 

1 

1 

•• 

2 

•• 

•• 

2 

2 

1 

■alas 

m 

11 

3 

2 

— 

1 

1 

— 

1 

1 

1 

— 

Vastod  through 

H 

— 

— 

— 

“ 

.  .. 

— 

•• 

-- 

— 

-- 

All  incidents 

End  plane 

13A 

88 

7 

-as 

•  • 

•• 

•  • 

•  • 

Al 

lull  ruptures 

Ditto 

M 

36 

1 

•• 

•• 

•• 

•• 

-• 

-- 

•- 

29 

Cracks/fraetures 

•« 

A7 

30 

1 

•  • 

•• 

•  • 

•  • 

•  • 

16 

■olat 

M 

A2 

30 

•  • 

•  • 

... 

•• 

•• 

•  • 

•  • 

•  • 

12 

Vastod  through 

ft 

2 

— 

•  • 

•• 

— 

•• 

•  • 

— 

— 

— 

2 

All  iaeldents 

TVirn-side/bottou 

lAl 

12 

24 

13 

10 

23 

9 

10 

8 

11 

10 

lull  ruptures 

Ditto 

93 

8 

12 

11 

2 

9 

A 

A 

5 

3 

4 

Ccacka/frsetures 

H 

A3 

3 

7 

7 

1 

3 

3 

2 

3 

2 

3 

Isles 

M 

37 

5 

6 

6 

1 

6 

2 

2 

2 

2 

2 

Vastod  through 

1 

— 

— 

— 

— 

•  • 

•• 

-- 

•• 

-- 

-- 

All  iaeldents 

Turn- side /deck 

$0 

13 

3 

12 

10 

8 

5 

3 

A 

3 

3 

lull  ruptures 

Ditto 

A3 

7 

A 

A 

7 

A 

3 

1 

1 

A 

2 

Cracks / f rsc tu re s 

30 

3 

A 

3 

6 

3 

3 

•• 

1 

1 

lolss 

13 

2 

1 

2 

•• 

1 

•  • 

1 

•  • 

3 

1 

Vastod  through 

II 

2 

— 

— 

-• 

1 

— 

— 

-- 

1 

— 

— 

All  incidents 

Tum-end/slde 

78 

A3 

2 

1 

•  • 

•  • 

m  m 

•  • 

•  • 

•  • 

32 

lull  ruptures 

Ditto 

A8 

23 

•• 

— 

•• 

•• 

mm 

•• 

•• 

•• 

23 

Cracks/frsctures 

II 

31 

13 

•• 

•• 

•  • 

•  • 

-• 

— 

•• 

•  • 

18 

lolas 

M 

11 

11 

— 

•• 

-• 

•  • 

•  • 

•  • 

•  • 

•  • 

7 

Vastad  through 

•1 

— 

— 

— 

— 

so* 

•• 

-- 

-- 

-- 

-- 

All  incidents 

lUm-end/deck 

31 

28 

— 

— 

•  • 

«• 

... 

— 

U 

lull  ruptures 

Ditto 

33 

2A 

•  • 

•• 

•  ss 

— 

•• 

— 

-- 

-• 

9 

Cracks/fractures 

II 

20 

lA 

— 

•• 

•• 

•• 

•  • 

•  • 

•  • 

•  e. 

6 

Isles 

H 

13 

12 

•  • 

•• 

•• 

•• 

•  • 

•  • 

•• 

-- 

1 

lasted  through 

N 

— 

— 

— 

— 

— 

— 

— 

-- 

— 

-- 

•• 

All  incidents 

TUm-end/botton 

Al 

31 

8 

2 

•• 

.. 

•  • 

•  • 

.. 

1 

6 

lull  ruptures 

Ditto 

21 

16 

3 

— 

•  • 

•• 

•• 

•0. 

•  • 

•  • 

Cracks/frsctures 

II 

7 

3 

2 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

lolss 

tl 

18 

lA 

A 

-• 

•• 

•• 

— 

•  • 

-• 

•• 

•  • 

Vastod  through 

M 

1 

1 

— 

— 

— 

— 

— 

— 

-• 

-• 
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EXHIBIT  5.  FREQUENCY  OF  HULL  RUPTURE  IN  MAJOR  BARGE  AREAS 


Damage  Area 
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EXHIBIT  6.  GRAPH  SHOWING  DISTRIBUTION  OF  DAMAGE  INCIDENT  CENTER 
LOCATION  ALONG  BARGE  -  BY  TYPE  OF  DAMAGE 
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•  Cracks /fracture  8  -  ^  8.7  percent 

•  Holes  -  8.7  percent 

•  Wasted  through.  •  ^  0.2  percent 

•  Dent 8 /Up sets,  etc.-^  12.6  percent 

Total  -  •*  30  percent. 

This  exhibit  shows  the  expected  pattern  of  high  Incidence  near  the 
enda  of  the  barge-'wlth  heavy  bias  toward  the  bow — diminishing  as  one  approach¬ 
es  the  barge  mid-section.  This  pattern  holds  not  only  for  all  damage,  but 
also  for  each  specific  type  of  damage --with  the  exception  of  was  ted- through 
hull  rupture.  This  is  because  this  type  of  damage  is  most  prevalent  on  the 
bottom  of  the  barge  due  to  corrosion  and  erosion.  This  is  not  as  location 
oriented  as  other,  more  dynamic  damage  types  where  frequencies  would  be 
expected  to  Increase  as  the  exposure  is  increased— as,  for  example,  bow  and 
side  exposure  to  dynamic  forces  of  fleeting  and  locking,  as  well  as  collision 
casualties. 

Exhibit  6  also  shows  the  trend  of  diminished  severity  of  damage  on 
the  mid-section  as  compared  to  the  end  portions  of  the  barge.  In  the  bow  10 
percent  Interval,  nearly  two-thirds  of  all  damages  resulted  in  a  hull  rupture; 
whereas,  in  the  mid-section,  this  ratio  drops  to  approximately  one-half. 

This  may  also  be  explainable  by  the  types  of  damages  reported.  Wastage  and 
severe  distortions  become  repairable  defects  prior  to  becoming  hull  ruptures-- 
i.e.,  the  damage  may  be  progressive.  'Dynamic  failures,  however,  do  not  have 
this  characteristic. 

These  exhibits  show  the  types  of  damages  and  their  location- 
yielding  insight  into  the  types  of  temporary  repairs  which  might  be  made, 
where  they  might  occur,  and  the  damage  environment  in  which  they  must  survive. 
This  latter  is  important  to  assessing  the  adequacy  of  any  temporary  repair 
and  must,  therefore,  be  considered  in  defining  data  needs  and  test  procedures 
for  temporary  repair  materials. 
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4.2  FURTHER  DEFINITION  OF  SIDE-DAMAGE  LOCATIONS 

Because  of  the  dominance  of  side  damage,  this  damage  mode  was 
investigated  further  in  terms  of  a  longitudinal  and  vertical  matrix  showing 
frequency  of  various  side-damage  types.*  Exhibits  D-9  through  D-12  show 
the  SALTS  results  of  these  analyses.  Summary  data  are  shown  in  Exhibits  7 
through  9  for  hull  ruptures,  cracks / f ractures ,  and  holes,  respectively. 
Wasted- through  damage  is  not  displayed  because  of  the  low  frequency  of 
occurrence  on  the  side  plane  (four  cases) . 

In  Eidilblts  7  through  9,  the  abscissa  is  again  percentage  inter¬ 
vals  of  the  barge-side  profile.  The  ordinate,  however,  is  given  in  feet. 
While  a  percentage  display  might  be  useful,  such  was  not  possible  owing  to 
the  number  of  cases  in  which  a  barge  depth  dimension  was  lacking  in  the 
Vessel  File.  Furthermore,  absolute  vertical  location  dimensions  may.  In 
fact,  be  more  meaningful  because  of  draft  restrictions  on  most  barge  routes 
which  tend  to  make  barge  depth  fairly  uniform  across  the  total  population. 

These  exhibits  do  not  display  any  particular  unique  damage  pro¬ 
file.  As  might  be  expected,  cracks  and  fractures  (Exhibit  8)  seem  to 
cluster  near  the  ends  and  along  the  upper  portion  of  the  barge.  This  is 
reasonable  because  of  the  exposure  of  these  areas  to  the  impact  forces  which 
produce  these  failures. 

Holes,  on  the  other  hand,  tend  to  be  more  uniform  with  a  cluster 
tendency  at  the  ends  and  along  the  bottom  half  of  the  barge.  Again,  this  is 
reasonable  because  of  striking,  submerged,  or  floating  objects  which  can 
produce  this  type  of  damsge. 

From  the  standpoint  of  temporary  repair,  however,  these  differences 
are  of  little  consequence.  It  appears  that,  regardless  of  the  specific  dam¬ 
age  to  be  repaired,  equal  consideration  of  water  chemical  and  abrasion 
resistance  and  hydrostatic  pressure  resistance  must  be  given  because  of  the 
incidence  of  all  damages  expected  below  the  water  line. 

*  It  should  be  mentioned  that  similar  matrix  evaluations  for  other  areas, 
while  perhaps  desirable,  were  not  possible  due  to  the  lack  of  appropriate 
data. 
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4.3  HULL-RUPTURE  EXTENT 


Another  significant  damage  profile  parameter  required  for  the 
development  of  test  procedures  for  temporary  repair  materials  is  the  extent 
of  the  hull  rupture--or  size  of  the  hole  over  which  the  temporary  repair 
must  maintain  water-tight  integrity  and,  perhaps,  provide  for  structural 
continuity.  Therefore,  hull  ruptures  were  examined  to  determine  their  size 
characteristics.  Crack  lengths  were  taken  to  be  the  diagonal  of  a  rectangle 
containing  the  crack.  Holed  damage  and  was  ted- through  damage  were  taken  to 
be  the  area  of  the  rectangle  containing  the  rupture. 

Exhibits  D-13,  D-14,  and  D-15  are  the  SALTS  results  of  these  anal¬ 
yses.  Exhibit  10  summarizes  the  results  of  the  crack  length  investigation. 

As  can  be  seen,  approximately  one-third  of  all  cracks  are  less  than  one-foot 
long.  However,  this  is  on  the  low  slde--owlng  to  the  large  number  of  cracks 
for  which  appropriate  dimensions  were  not  supplied  in  the  survey  reports.  If 
it  Is  assumed  that  the  "unknown"  category  is  distributed  proportionately  over 
the  known  length  intervals,  the  percentage  of  cracks  under  one  foot  in 
length  is  over  50  percent.  This  length  is  highlighted  because  it  would 
appear  that  if  the  cost  and  complexity  of  test  requirements  for  temporary 
repairs  to  cracks  is  highly  sensitive  to  the  length  of  the  cracky  it  would 
be  reasonable  to  concentrate  on  the  small  ones.  Contacts  with  barge  indus¬ 
try  representatives  have  also  indicated  that  these  are  likely  candidates  for 
temporary  repair.  Larger  cracks  will  generally  be  the  result  of  more  exten¬ 
sive  damage  which  requires  permanent  repairs. 

Eidiibit  11  sumnarizes  the  results  of  the  investigation  of  the  area 
of  holed  and  was  ted- through  damage.  Again,  the  dominance  is  at  the  small 
cnd--under  one  square  foot.  While  there  is  a  clustering  of  data  at  the 
larger  end,  these  must  be  largely  discounted  because  they  generally  occurred 
in  the  presence  of  more  massive  damage--not  all  of  which  was  rupture  area. 

For  example,  a  damage  might  have  been  termed  "dented  and  holed"  with  the 
damage  dimensions  given  in  the  survey  reports  applicable  to  the  entire  dis¬ 
torted  area— not  the  extent  of  the  rupture  itself.  Therefore,  while  the 
precise  values  cannot  be  determined,  it  is  reasonable  to  assume  that  the 
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EXHIBIT  10.  CRACK  LENGTH— FREQUENCY  OF  OCCURRENCE 
BY  SPECIFIED  LENGTH  INTERVALS 


Creek  Length, 
feet 

Percent  of  Crack 
Occurrences 

Under  I 

31. 4A 

1-3 

11.01 

3-6 

6.43 

6-10 

3.91 

Over  10 

9.63 

Unknown 

37.87 

EXHIBIT  11.  DAMAGE  AREA- -FREQUENCY  OF  OCCURRENCE  OF  DAMAGE 
TYPES  IN  SPECIFIED  AREA  INTERVALS 


Are«i  Percent  of  Occurences 


ft2 

Holed 

Wasted  Through 

Under  1 

28.24 

22.73 

1-2 

2.89 

2-3 

2.31 

m  m 

3-5 

4.60 

9.10 

5-10 

8.92 

4.55 

10-100 

22.47 

45.47 

Over  100  -f  unknown 

29.70 

18.20 
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proportion  of  actual  hull  rupture  of  leas  than  one  square  foot  area  Is  con¬ 
siderably  greater  than  depicted  in  Exhibit  11. 

Therefore,  concentration  on  the  small  area  openings  should  receive 
highest  priority  should  compromises  on  the  scope  of  the  temporary  repair  mate¬ 
rial  tests  be  required. 


TANK  BARGE  DAMAGE  SURVEY  DATA  FORM 
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W-Waatcd  T-Wasted  Through  U-Unknovn 

4.  Damage  Area*S*Slde  H*Bottom  D-Deck 
E-End  R-Rake  N-Stern  Notch 
1-lnternal  Bulkhead 

Face  Only(13) 

Knuckle/Corner (14-16) 

5.  Damage  Center  Location  Reference 
End(17)"B-Bow  S-Stern  U-Unknown 

6.  Flrat  Damage  Type  -  Center  Location 

Longitudinal  from  End (18-21) 

Vertical  from  BottOD(22-24) 
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14.  Weight  of  Repair  Materiala  (74-77) 


15.  Sequence  Number  (78-80) 
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TANK  BARGE  DAMAGE  SURVEY  DATA  FORM  -  CODING  EXPLAIN AT lON/RULES  (Continued) 
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SALTS  2.10  session:  ll/04/r4  09:56:24 

PASSWORD?  RDL 

.-RESIDENT 
/♦POOL 

POOL  FILE  NAME?  TEPl 

THE  FOLLOWIN«5  FILES  ARE  CORE  RESIDENT 
POOL  FILE  :  TEPl 
DATA  BASE  FILE  :  TKB6 
^♦EXIT 
-'DISPLAY 
-'♦EVENTS 

POOL  NAME  :  TBPt 

POOL  DATA  BASE  :  TKBG 

POOL  LEGEND  :  TANK  BARGE  POOL 

MAXIMUM  NUMBER  OF  EVENTS  :  97  / 

POOL  UPDATE  :  13 


EVENT  NAME7  ALL 

EVENT  NAME  :  RUP 

EVENT  LEGEND  :  HULL-RUPTURED 
NUM.  FIELDS  :  1 

FIELD  I  :  155 

NUM.  CONDS.  :  I  INCL 

CONDITION  I  :  Y»  Y. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NAME  :  NRUP 

EVENT  LEGEND  :  HULL-NOT-RUPTURED 

NUM.  FIELDS  :  I 

FIELD  I  :  155 

NUM.  CONDS.  :  1  INCL 

CONDITION  1  :  N»  N. 


♦♦♦♦♦♦♦♦♦«♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NAME  :  PAS 

EVENT  LEGEND  :  DAMAG-PLANE-SIDE 

NUM.  FIELDS  :  2 

FIELD  1  :  118 

NUM.  CONDS.  :  1  INCL 

CONDITION  1  :  S»S. 

FIELD  2  I  119 
NUM.  CONDS.  :  2  INCL 

CONDITION  1  :  RS  iRS  . 

CONDITION  2  :  SR  »SR  . 


) 


♦♦♦♦♦♦♦«♦♦♦♦♦♦#♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


C-2 


EVEMT  MHME  .*  P«E 

EVEMT  LEGEhD  :  DPMPi5-PLPNE-END 

NUM.  FIELDS  t  £ 

FIELD  1  :  118 

N'JM.  CQNDt..  :  1  ItlCL 

CDNDITIQh  1  :  E.E. 

FIELD  2  :  119 

NUM.  CDMOS.  :  2  IMCL 

COMDITIQM  1  :  PE  .RE  . 

CDMDITIQN  2  :  EP  »ER  . 

«♦#♦«♦♦#♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVEMT  fi8ME  :  PPB 

EVENT  LEGEND  :  DPNPG-PLPNE-EDTTDM 

NUN.  FIELDS  :  1 

FIELD  1  :  113 

NUN.  CQNDS.  :  I  INCL 

CONDITION  1  :  B.B. 

EVENT  NPNE  :  PPD 

EVENT  LEGEND  :  DftMPG-PLPNE-DECK 

NUM.  FIELDS  :  1 

FIELD  1  :  113 

NUM.  CONDS.  :  1  INCL 

CONDITION  1  :  D»D. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦<>♦ 

EVENT  N«M£  :  KSD 

EVENT  LEGEND  :  D3MflG-KNUCKL-S IDDECK 
NUM.  FIELDS  :  1 

FIELD  1  *  119 

NUM.  CONDS.  :  5  INCL 

CONDITION  1  I  SD  »SD  . 

CONDITION  2  :  DS  .DS  . 

CONDITION  3  :  RDS.RDS. 

CONDITION  4  :  RSD.RSD. 

CONDITION  5  :  DSR.DSR. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NAME  :  KSB 

EVENT  LEGEND  »  DAMAG-KNUCKL-SIDEBDT 
NUM.  FIELDS  *  1 

FIELD  I  :  119 

N»JM.  CONDS.  :  2  INCL 

CONDITION  I  :  SB  .SB  . 

CONDITION  2  t  BS  .BS  . 


C-3 


EVENT  NftME  :  KED 

EVENT  LEGEND  :  Dl=IMfti5-KNUCKL-ENDDECK 
NUN.  PIELDS  :  1 

FIELD  1  :  119 

NUN.  CGNDS.  !  15  INCL 

CONDITION  1  :  DE  #D£  . 

CONDITION  2  :  ED  »ED  . 

CONDITION  3  :  PD  .RD  . 

CONDITION  4  ;  DPEjDPE. 

CONDITION  *5  :  PDE»RDE. 

CONDITION  G  :  PED»PED. 


EVENT  NNME  :  KES 

EVENT  LEGEND  :  I'mNRG-KNUO  L-ENDC  IDE 
NUN.  FIELDS  :  1 


FIELD  1  . 
NUN.  CONDS. 
CONDITION  1 
CONDITION  2 
CONDITION  3 
CONDITION  4 
CONDITION  5 
CONDITION  G 


1 19 

6  INCL 
SE  fSE  . 

ES  »ES  . 
RES » RES. 
RSE»RSE. 
SREfSRE. 
SERfSER. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦  f 

EVENT  NRNE  S  KEB 

EVENT  LEGEND  :  DftNftG-KNUCKL-ENDBDTT 
NUN.  FIELDS  :  1 


FIELD  I 
NUN.  CONDS. 
CONDITION  1 
CONDITION  2 
CONDITION  3 
CONDITION  4 
CONDITION  5 
CONDITION  6 
CONDITION  7 
CONDITION  3 


*  119 

!  3  INCL 

:  BE  >BE  . 

:  EB  fEB  . 

:  PB  »RB  . 

:  BP  .BR  . 

:  PBE»RBE. 

:  PEBfREB. 

:  ERB»eRB. 

:  BREfBRE. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NRME  :  UPC 

EVENT  LEGEND  :  DRMRG-KNUCKL-UPCDRNR 
NUN.  FIELDS  *  I 

FIELD  1  :  119 

NUN.  CONDS.  :  4  INCL 

CONDITION  I  :  EDStEDS. 

CONDITION  2  :  DSEfDSE. 

CONDITION  3  :  ESDfESD. 

CONDITION  4  i  SEDfSED. 


♦♦♦♦♦♦< ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


C-4 


EVEhT  NRflE  :  LWC 

EVEHT  LEGEMD  :  DftMRG-KfStJCKL-LWCORMP 
tiUM.  FIELDS  :  1 


FIELD  1 
MUM.  COMDS. 
CONDITION  1 
CONDITION  c* 
CONDITION  3 
CONDITION  4 
CONDITION  5 
CONDITION  6 
CONDITION  7 
CONDITION  8 


119 

8  INCL 
EBSfEBS. 
ESB*£SB. 
BSE»BSE. 
PSB»PSB. 
BPS > BPS. 
BSP » BSP. 
PBS » PBS. 
SPBf  SPB. 


EVENT  NRME 
EVENT  LEGEND 
NUM.  FIELDS 


COM 

DMMPiG-COMPOUND 

1 


FIELD  I 
NUM.  CONDS. 
CONDITION  1 
CONDITION  8 
CONDITION  3 
CONDITION  4 


119 

4  INCL 
DSB.DSB. 
BSD»BSD. 
iDEtSDB. 
SBs  >  SB  ^ . 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


EVENT  NNME 
EVENT  LEGEND 
NUM.  FIELDS 


DS 

DOUBL-BflPPIEP-SIDE 

1 


FIELD  1 
NUM.  CONDS. 
CONDITION  I 


139 

I  INCL 

Y»Y. 


EVENT  NAME  :  DB 

EVENT  LEGEND  :  DOUBL-BRRRIER-BOTTDM 
NUM.  FIELDS  :  I 

FIELD  1  I  140 
NUM.  CONDS.  :  I  INCL 

CONDITION  I  :  Y»Y. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NPNE  *  D£ 

EVENT  LEGEND  :  DOUBL-BRPRIER-END 
NUM,  FIELDS  *  I 

FIELD  t  I  141 
NUM.  CONDS.  »  1  INCL 

CONDITION  1  :  Y»Y. 


C-5 


EVEMT  r<FinE  :  SS 

EVEMT  LEGEND  s  S IMGL-BGPPIER-SIDE 

NUM.  FIELDS  *  I 


FIELD  1 
NUM.  CONDS. 
CDNDITIDN  1 


i  139 

:  I  INCL 

:  N»N. 


EVENT  NrtME  !  SB 

EVENT  LEGEND  :  SINGL-ERPR lER-BDTTQM 
NUN.  FIELDS  :  1 


FIELD  1 
NUN.  CDNDS. 
CDNDITIDN  I 


:  140 

:  1  INCL 

:  N»N. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVEMT  NhiME  :  SE 

EVENT  LEGEND  :  SINGL-FNPPIEP-END 

NUM.  FIELDS  :  1 

FIELD  1  :  141 

NUM.  CONDS.  :  1  INCL 

CONDITION  1  :  N»N. 


EVENT  NHME  ;  UE 

EVENT  LEGEND  :  UNKhDWN-B:(=iPPIER-END 

NUM.  FIELDS  *  I 

FIELD  1  1  141 

NUM..  CONDS.  I  I  INCL 

CONDITION  1  :  U»U. 


EVENT  NPME  :  SP 

EVENT  LEGEND  :  SIDE-PENTRPT ION 

NUM.  FIELDS  :  1 

FIELD  1  :  142 

NUM.  CONDS.  :  1  INCL 

CONDITION  1  »  Y»Y. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NAME  :  BP 

EVENT  LEGEND  :  BOTTDM-PENTPRTION 

NUM.  FIELDS  :  I 

FIELD  1  I  143 
NUM.  CONDS.  *  1  INCL 

CONDITION  1  : 


Y»Y 


C-6 


EVEHT  r<i=iME  :  EP 

EVENT  LEtSEND  :  END-PEHTPPTIOM 

flUM.  FIELDS  :  I 

FIELD  I  :  144 

N'JM.  CDfiOS.  »  1  INCL 

CaNDITIOM  I  :  Y»Y. 

♦♦♦♦♦♦♦«♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NRME  :  £V 

EVENT  LEGEND  :  END-VDID-RPEP 

NUN.  FIELDS  :  I 

FIELD  1  *  142 

NUN.  CDNDS.  :  I  EXCL 

CONDITION  I  :  Y»Y. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NRME  :  NSP 

EVENT  LEGEND  :  NO-SIDE-PENTPRTIDN 

NUN.  FIELDS  :  1 

FIELD  I  :  142 

NUN.  CDNDS.  s  2  INCL 

CONDITION  I  :  NjN. 

CONDITION  2  :  X»X. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NRNE  :  PDS 

EVENT  LEGEND  :  DOUFL-SIDE-PREVENT 

NUN.  FIELDS  :  I 

FIELD  I  :  145 

NUN.  CONDS.  :  2  INCL 

CONDITION  1  :  Y»Y. 

CONDITION  2  *  P*P. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦»♦♦♦♦♦♦♦♦♦»♦♦♦♦ 

e7eNT  NRNE  :  PDF 

EVENT  LEGEND  s  DOUBL-EnTTON-PPEVENT 

NUN.  FIELDS  *  I 

FIELD  .1  I  146 
NUN.  CDNDS.  :  2  INCL 

CONDITION  1  :  YpY. 

CONDITION  2  :  P»P. 


C-7 


EVEMT  NRME  x  PDE 

EVEMT  LEGEMD  :  nOUBL-EMD-PREVEMT 

NUM.  FIELDS  x  I 

FIELD  1  I  147 

NUM.  conns,  x  2  incl 

CONDITIOM  I  :  Y.Y. 

CQNDITIQh  a  X  P,p. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVEMT  MPME  i  PSB 

EVENT  LEGEND  x  DOUBL-SIDE^BaTT-PPEV 
MUM.  FIELDS  x  I 

FIELD  1  i  148 

NUM.  CQNDS.  X  £  INCL 
CONDITION  1  1  Y»Y. 

CONDITION  a  X  p,p. 

♦«♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NPME  X  TP 

EVENT  LEGEND  x  TPNK-PENETPPT I  ON-GEN 

NUN.  FIELDS  i  3 

FIELD  1  X  148 

NUN.  CONDS,  X  1  INCL 

CONDITION  I  X  Y»Y. 

FIELD  2  :  143 

NUN.  CONDS.  i  1  INCL 
CONDITION  I  :  Y»Y. 

FIELD  3  I  144 

NUN.  CONDS.  :  1  INCL 

CONDI riJN  1  X  Y»Y. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NPME  X  LPkE 

EVENT  LEGEND  x  RT-LPKES-BPYS-SOUNDS 

NUN.  FIELDS  :  I 

FIELD  1  X  106 

NUN.  CONDS.  X  I  INCL 
CONDITION  1  :  L  »L  . 


EVENT  NftNE  x  COPS 
EVENT  LEGEND  x  RT-CDftSTWISE 
NUN.  FIELDS  x  I 


FIELD  1  X  106 

N'JM.  CONDS.  X  I  INCL 

CONDITION  1  X  C  tC  . 


C-8 


EVENT  NPME 

• 

• 

□CEN 

EVENT  LEGEND 

• 

• 

RT-DCERMS 

NUM.  FIELDS 

: 

1 

FIELD  1 

106 

MUM.  CDMDS. 

• 

• 

1  INCI 

CDMDITIDM  1 

• 

• 

a 

• 

a 

EVEfiT  Mt=.ME 
EVEfir  LEGEhD 
MUM.  FIELDS 

FIELD  I 
MUM.  CDMDS. 
CQMDITIDM  1 


:  RIVR 
:  RT-PIVEPS 
:  1 

:  106 

:  1  IMCL 

:  P  »R  . 


♦♦♦♦♦♦♦♦♦♦«♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVEMT  MPME  :  GLftK 

EVENT  LEGEND  :  PT-6REftT-LPKES 

MUM.  FIELDS  :  I 


FIELD  I  i  106 

MUM.  CONDS.  :  1  IMCL 

CONDITiaN  1  :  6  n3  . 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVEMT  MMME  :  CRRK 
EVENT  LEGEND  :  DRMGG-CPRCK 
MUM.  FIELDS  :  2 

FIELD  1  t  116 
MUM.  COMDS.  :  1  IMCL 

CONDITIOM  I  :  C»C. 


FIELD  2  *  117 

MUM.  CDMDS.  :  1  IMCL 

CDNOITIDN  I  :  C»C. 


EVENT  NPME 

• 

• 

HOLE 

EVENT  LEGEND 

t 

DGMFIG-HDLED 

MUM.  FI  El  DS 

i 

2 

FIELD  1 

< 

116 

NUM.  CDNDS. 

t 

1  INCL 

CDNDITIDN  1 

i 

FIELD  2 

• 

• 

U7 

NUM.  CDNDS. 

• 

1  INCL 

CDNOITIDN  1 

: 

H*H. 

C-9 


EVENT  NAME  : 

WHOL 

EVENT  LEGEND  : 

DmMRG-MAS TED-THROUGH 

NUM.  FIELDS  : 

1 

FIELD  1  : 

116 

NUM.  CONDS.  : 

1  INCL 

CONDITION  1  : 

T»T. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦ 

EVEMT  NHME  :  DEMT 

EVENT  LEGEND  :  DNUNb-DENTEDt UPSET 

NUM.  FIELDS  :  I 

FIELD  1  :  116 

MUM.  COMOS.  :  1  INCL 

CONDITION  1  :  D»D. 


EXTENT  NPME  :  MrtST 
EVENT  LEGEND  :  DrtMRG-WRSTED 
NUM.  FIELDS  :  1 


FIELD  1 
NUM.  Cr.iDS. 
COND!’’  -ON  1 


116 
1  INCL 

LI  >  U  • 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NPME  :  P£5 

EVENT  LEGEND  :  PEflR-PEPCH*LT-£5-FT 

NUM.  FIELDS  :  1 


FIELD  1 
NUM.  CONDS, 
CONDITION  1 


124 
1  INCL 
Ci000»0250. 


EVENT  NAME  :  R50 

EVENT  LEGEND  :  PEftR-PEflCH=25-50-FT 

NUM.  FIELDS  :  I 


FIELD  1  :  124 

NUM.  CONDS.  :  1  INCL 

CONDITION  1  :  0251*0500. 


EVENT  NAME  :  R75 

EVENT  LEGEND  :  RERR-REACH*50-75-FT 

NUM.  FIELDS  *  I 

FIELD  1  :  124 

NUM.  CONDS,  *  1  INCL 

CONDITION  1  »  0501*0750. 


EVENT  NElNE  :  PI  00 

EVENT  LEGEND  :  PEi=iP-PEE«i:H=75-1  00-FT 

NUN.  FIELDS  :  1 

FIELD  I  :  124 

NUN.  CONDS.  :  1  INCL 

CONDITION  1  :  0751  #  1000. 


EVENT  NPNE  :  li'^OO 

EVENT  LEGEND  :  PEAP-PEPCH=GT-1 00-FT 

NUN.  FIELDS  :  1 


s, 

I 

I 

I 

i 

f 

I 


FIELD  1  :  124 

NUN.  CONDS.  :  1  INCL 

CONDITION  1  :  1 001 » 5000. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NPNE  :  BOW 

EVENT  LEGEND  :  OftNiHiSE-FPOM-BOM 

NUN.  FIELDS  :  1 

FIELD  I  :  120 

NUN.  CONDS.  :  1  EXCL 

CONDITION  I  :  S.S. 

EVENT  NPNE  :  STEP 

EVENT  LEGEND  :  DPMfiGE-FPON-STERN 

NUN.  FIELDS  :  I 

FIELD  1  :  120 

NUN.  CONDS.  :  1  INCL 

CONDITION  1  8  S»S. 


I 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NflNE  :  C25 

EVENT  LEGEND  :  CENTER»LT-25-FT 

NUN.  FIELDS  :  I 


FIELD  1  :  121 

NUN.  CONDS.  X  1  INCL 

CONDITION  I  :  0000»0250. 


EVENT  NRNE  :  C50 

EVENT  LEGEND  x  CENTER*25-50-FT 

NUN.  FIELDS  x  I 


FIELD  1  X  121 
NUN.  CONDS.  8  1  INCL 

CONDITION  r  :  0251 »  0500. 


C-ll 


EVEhT  MftME  s 
EVENT  LEGEND  : 
NUN.  FIELDS  i 

FIELD  I  * 
NUN.  CQNDS.  : 
CDNDITICN  I  : 


C75 

C£NTER=50-75-FT 

1 

121 

1  INCL 
0'.01*  0750. 


EVENT  NHNE  : 
EVENT  LEGEND  : 
NUN.  FIELDS  : 


Cl  00 

CENTEP=75-100-FT 

1 


FIELD  1 
NUN.  CDNDS. 
CONDITION  1 


121 

1  INCL 
0751 » 1000. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NRNE  :  C500 

EVENT  LEGEND  :  CENTEP=GT-1 00-FT 

NUN.  FIELDS  i  1 


FIELD  1  s  121 
NUN.  CONDS.  :  I  INCL 

CONDITION  1  :  1001»5000. 


EVENT  NRNE 

: 

£Di.n 

EVENT  LEGEND 

• 

• 

DRMRGE-FPDM- EDM-ONLY 

NUN.  FIELDS 

• 

• 

1 

FIELD  1 

: 

120 

NUN.  CONDS. 

• 

• 

1  INCL 

CONDI r ION  1 

• 

• 

Bf  B. 

EVENT  NRNE 

• 

m 

UNKP 

EVENT  LEGEND 

m 

• 

DRMRGE-UNKNDMN-END 

N»JM.  FIELDS 

• 

• 

1 

FIELD  1 

• 

• 

120 

NUN.  CONDS. 

• 

• 

1  INCL 

CONDITION  1 

: 

U>U. 

EVENT  NRNE 

: 

V25 

EVENT  LEGEND 

X 

VERT-FR0M-EDTT*LT-25 

NUN.  FIELDS 

i 

1 

FIELD  1 

1 

122 

N«JM.  CONDS. 

• 

• 

1  INCL 

CONDITION  1 

• 

• 

000»025. 

C-12 


EVENT  NAME 

• 

• 

V50 

EVENT  LEGEND 

: 

V£PT-FPDM-BDrT=25-50 

NUM.  FIELDS 

1 

FIELD  1 

• 

• 

1£2 

NUM.  CDNDS. 

• 

• 

1  INCL 

CDNDiriDN  1 

• 

• 

026  >  050. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  N^ME 

• 

• 

V75 

EVENT  LEGEND 

• 

• 

VERT-FPDM-£DTT=50-75 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

• 

• 

122 

NUM.  CDNDS. 

• 

• 

1  INCL 

CDNDITIOh  1 

• 

• 

051 »  075. 

EVENT  NAME 

• 

• 

VI  00 

EVENT  LEGEND 

• 

• 

VEPT-FPDM-i:DT*75-l  00 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

• 

• 

122 

NUM.  CDNDS. 

• 

• 

1  INCL 

CDNDITIDN  1 

• 

• 

076» 100. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NAME 

• 

• 

V500 

EVENT  LEGEND 

i 

VERT-FPDM-E;OT=GT-l  00 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

s 

122 

NUM.  CDNDS. 

• 

• 

1  INCL 

CDNDITIDN  1 

• 

• 

101»500. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NftME 

• 

• 

LlOO 

EVENT  LEGEND 

• 

• 

IFiPEfi*LT-100-FT 

NUM.  FIELDS 

: 

1 

FIELD  1 

: 

122 

NUM.  CDNDS. 

• 

• 

1  INCL 

CDNDITIDN  1 

• 

• 

0000»  0000. 

EVENT  N«ME  :  BLTl 
EVENT  LEGEND  :  IRPEfl*0-l-FT 
NUN.  FIELDS  :  1 

FIELD  1  : 

N'JM.  CDNDS.  *  1  INCL 

CDNDiriQN  1  :  OOOOiOlOO. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


C-13 


EVENT  mUE 

: 

RLT2 

EVENT  LEGEND 

t 

IFiPER«l-2-»='T 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

• 

• 

129 

NUM.  CONDS. 

• 

• 

1  INCL 

CONDITION  1 

• 

• 

OlOlf  0200. 

EVENT  NNME 

• 

• 

FiLTS 

EVENT  LEGEND 

• 

• 

IRPER=2-:3-FT 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

• 

• 

129 

NUM.  CQNDS. 

• 

• 

1  INCL 

CONDITION  1 

• 

• 

0201 »  0300. 

EVENT  NftME 

• 

• 

RLT5 

EVENT  LEGEND 

• 

• 

IRPER»3-5-FT 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

1 

129 

NUM.  CQNDS. 

: 

1  INCL 

CONDITION  1 

• 

• 

0301»0500. 

EVENT  NAME 

• 

• 

RLIO 

EVENT  LEGEND 

• 

• 

IRRER*5-10-FT 

NUM.  FIELDS 

1 

1 

PIELD  1 

: 

129 

NUM.  CDNDS. 

• 

• 

1  INCL 

CONDITION  1 

• 

• 

0501» 1000. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NHME 

• 

9 

LLTl 

EVENT  LEGEND 

9 

• 

CPRCK-LENG=LT- 1 -FT 

NUM.  FIELDS 

t 

1 

FIELD  1 

< 

132 

NUM.  CQNDS. 

: 

1  INCL 

CONDITION  1 

• 

• 

0000»0010. 

EVENT  NRME 

t 

LLT3 

EVENT  LEGEND 

9 

9 

CRRCK-LENG*l-3-FT 

NUM.  FIELDS 

1 

1 

FIELD  1 

t 

132 

NUM.  CDNDS. 

1 

1  INCL 

CONDITION  1 

9 

9 

0011*0030. 

C-14 


EVENT  NAME 
EVENT  LEGEND 
MUM.  FIELDS 


LLTG 

CPACK-LENi5a3-6-FT 

I 


FIELD  1 
N'JM.  CQNDS. 
CaNDITIQN  1 


132 

1  INCL 
003 1 »  0060. 


EVENT  NAME  :  LLIO 

EVENT  LEGEND  :  i:PAi:k-LEN6=6-1  0-FT 

NUM.  FIELDS  :  1 


FIELD  1 
NUM.  CUNDS. 
CONDITION  1 


t  132 
:  1  INCL 

:  006l»0100. 


EVENT  NAME 
EVENT  LEGEND 
NUM.  FIELDS 


AGIO 

IAPEA»i5T-10-FT 

1 


FIELD  1  :  12^ 

NUM.  CONDS.  i  I  INCL 
CONDITION  I  :  1 001 » '?*397. 


EVENT  NAME  :  LG 10 

EVENT  LEGEND  :  CPACK-LENG»Gr-l 0-FT 

NUM.  FIELDS  *  I 

FIELD  1  X  132 
NUM.  CDNOS.  :  I  INCL 

CONDITION  1  I  01 01 » 9997. 


EVENT  NAME  :  PUPT 

EVENT  LEGEND  :  HULL-PUPTUPED 

NUM.  FIELDS  :  I 

FIELD  I  I  157 

NUM.  CONDS.  :  1  INCL 

CONDITION  IX  Y»  Y. 


EVENT  NAME  x  PUPN 

EVENT  LEGEND  x  HULL-NOT-RUPTUPED 

NUM.  FIELDS  x  I 

FIELD  I  i  157 

NUM.  CONDS.  X  1  INCL 

CONDITION  lx  N»  N. 


C-15 

EVENT  NAME 

4 

CDYN 

EVENT  LEGEND 

DVNAMIC-CA 

NUM.  FIELDS 

1 

FIELD  1 

:  150 

NUM.  CONDS. 

4  INCL 

CONDITION 

1 

G  *  G . 

CONDITION 

2 

R*R. 

CONDITION 

3  t  C*C. 

CONDITION 

4 

H*H. 

EVEIHT  NfiME  :  CSF 

EVENT  LEGEND  :  STRUCT -FA I LURE -CRUSE 

NUM.  FIELDS  :  I 


FIELD  I 
NUM.  CQNDS. 
CONDITION  1 


150 

1  INCL 

F,F. 


EVENT  NAME 
EVENT  LEGEND 
NUM.  FIELDS 


CSER 

IN-SERVICE-CAUSE 

1 


FIELD  1  :  150 

NUM.  CONDS.  :  I  INCL 

CONDITION  I  :  S»S. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NAME  :  CCA 

EVENT  LEGEND  :  CARGO-ACTION-CAUSE 

NUM.  FIELDS  :  I 

FIELD  I  :  150 

NUM.  CONDS.  :  I  INCL 

CONDITION  I  :  A. A. 


EVENT  NAME  :  CPIO 

EVENT  LEGEND  :  CLONG-LENGTH=0-l  0'/. 

NUM.  FIELDS  *  I 

FIELD  I  *  156 

NUM.  CONDS.  *  I  INCL 
CONDITION  1  :  0000*0010. 


EVENT  NAME  *  CP20 

EVENT  LEGEND  i  CLDNG-LENGTH-l  1-20V. 

NUM.  FIELDS  *  1 

FIELD  1  i  156 
WJM.  CONDS.  I  1  INCL 
CONDITION  1  t  0011*0020. 


C-16 


EVENT  N»=iME 
EVENT  LEGEND 
NUN.  FIELDS 


:  CP40 

:  •:LQMi5-LENGTH*.31-40V. 
t  1 


FIELD  1 
NUN.  CDtlDS. 
CONDITION  1 


156 

I  INCL 
0031 >  0040. 


EVENT  NAME  :  CP50 

EVENT  LEGEND  :  i:LONG-LENGTH=41-50V. 

HUM.  FIELDS  :  1 

FIELD  1  :  156 

NUN.  CONDS.  :  1  INCL 

CONDITION  1  :  004 1 »  0050. 


EVENT  NRNE 

• 

• 

i;p60 

EVENT  LEGEND 

• 

• 

CLDNG-LENGTH=5 1  -6  0‘4 

HUM.  FIELDS 

• 

• 

1 

FIELD  1 

• 

• 

156 

NUN.  CONDS. 

: 

1  INCL 

CONDITION  1 

• 

• 

0051*  0060. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NPME 

• 

• 

CP70 

EVENT  LEGEND 

• 

• 

CLDNG-LENGTH=6 1  -  70  V. 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

: 

156 

NUM.  CONDS. 

• 

• 

1  INCL 

CONDITION  1 

• 

• 

0061*  0070. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NRME 

• 

• 

CP99 

EVENT  LEGEND 

• 

• 

CL0NG-LENGTH=7 1  - 1 0  OV. 

NUM.  FIELDS 

: 

1 

FIELD  1 

• 

• 

156 

NUM.  CONDS. 

: 

1  INCL 

CONDITION  1 

t 

0071*0100. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NRME 

: 

BOTH 

EVENT  LEGEND 

• 

• 

VERTICRL  EXTENT  L.T. 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

: 

126 

NUM.  CONDS. 

: 

1  INCL 

CONDITION  1 

: 

000*020. 

C-17 


EVENT  NAME 

• 

• 

V20 

EVENT  LEGEND 

t 

VERTICAL  C 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

t 

122 

NUM.  CONDS. 

I 

1  INCL 

CONDITION  1 

• 

• 

n  n  n .  n,-*  n . 

EVEMT  MftME  :  VI 0 

EVENT  LEGEND  :  VERTICAL  C.L.  L.T.  I 

NUN.  FIELDS  :  I 


FIELD  1 
NUN.  CONDS. 
CONDITION  1 


t  122 

:  I  INCL 

;  OOOjOIO. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦«♦♦♦♦♦♦♦♦♦♦ 

EVENT  NAME  :  RPIO 

EVENT  LEGEND  :  RLONG-LENGTH»0-1  OV. 

N'JM.  FIELDS  :  1 

FIELD  I  :  155 

NUM.  CONDS.  :  I  INCL 

CONDITION  I  :  OOOOfOOlO. 


♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


EVENT  NAME 

• 

• 

RP20 

EVENT  LEGEND 

• 

• 

PLONG-LENGTH=l  1-20V. 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

• 

• 

155 

NUM.  CONDS. 

• 

• 

1  INCL 

CONDITION  1 

• 

• 

OOllf 0020. 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 

EVENT  NAME 

• 

• 

RP30 

EVENT  LEGEND 

• 

• 

RL0NG-L£NGTH«2 1  -3  OV. 

NUM.  FIELDS 

• 

• 

1 

FIELD  1 

: 

155 

NUM.  CONDS. 

: 

1  INCL 

CONDITION  1 

• 

• 

0021 f 0030. 

EVENT  NAME 

• 

• 

RP40 

EVENT  LEGEND 

• 

• 

RLONG-LENG  rH=3l-40J; 

NUM.  FIELDS 

t 

1 

FIELD  1 

I 

155 

NUM.  CONDS. 

t 

1  INCL 

CONDITION  1 

• 

• 

0031f 0040. 

C-18 


ES'EMT  N»=(ME  :  FP^O 

EVEMT  LEt3END  !  PLDN(5-LENi3TH=4 1 -'-OV. 

NUM.  FIELDS  :  I 


FIELD  I 
NUM.  CDhDS. 
CDNDiriDN  I 


155 

1  INCL 
0041 »  0050. 


EVENT  NRME  :  PPi&O 

EVENT  LEI5END  :  PLONi5-LENt5TH=5l-<60V. 

NUM.  FIELDS  :  1 

FIELD  I  »  155 

NUM.  CDNDS.  :  1  INCL 

rflNDTTTriN  1  s  .  nrii  rt 


D-1 


»■ 


EXHIBIT  D-1.  LOGIC  TREE  FOR  ANALYZING  DAMAGE  CENTERLINE  DISTANCE 
FROM  BOM- -ALL  DAMAGE 


t 


1 


hODE 


NO.  ni^NE 

EVENT 

ME16HT  - 

._p—  , 

— C*“ 

-M/Q- 

—SI  — 

— S2— 

.  — PT— 

— PP— 

1  UEVO 

BQI.lt 

1 00. 00 

••5(39 

1239 

0 

100. 00 

0. 

100.00 

100. 00 

2  PHS 

PflS 

7.  14 

244 

244 

0 

28.  03 

0. 

2'5.08 

23 .  08 

3  PA6 

PftB 

7.  14 

179 

179 

U 

20.40 

0. 

20. -50 

20. 40 

4  PAD 

PAD 

7. 14 

30 

30 

0 

3.45 

0. 

3.45 

3.45 

3  PmE 

PPE 

7. 14 

93 

93 

0 

10.70 

0. 

10.70 

10.70 

6  KSB 

KSB 

7.  14 

9(5 

94 

0 

11.05 

0. 

11.05 

1 1 . 05 

7  KSD 

KSD 

7. 14 

59 

59 

0 

4.79 

0. 

4.79 

6.79 

a  KES 

KES 

7.14 

44 

44 

0 

5.29 

0. 

5.29 

5.29 

9  KEO 

KEO 

7.14 

23 

28 

0 

3.22 

0. 

3.22 

3.22 

10  KEB 

KEB 

7.  14 

42 

42 

0 

4.83 

0. 

4.83 

4.83 

U  UPC 

UPC 

7.  14 

7 

7 

0 

.81 

0. 

.31 

.81 

12  LUC 

LWC 

7.  14 

28 

28 

0 

3.22 

0. 

3.22 

3.22 

13  COM 

COM 

7. 14 

3 

3 

0 

.92 

0. 

.92 

.92 

14  ???? 

7.14 

0 

0 

0 

0. 

0. 

0. 

0. 

19  SttS 

7.14 

9 

9 

0 

1.04 

0. 

1.04 

1. 04 

14  lOA 

CPIO 

10.00 

78 

73 

0 

3.98 

0. 

•3.98 

31.97 

17  20A 

CP20 

10.00 

44 

44 

0 

5.04 

0. 

5.  06 

18.03 

la  30A 

CP30 

10.00 

35 

35 

0 

4.03 

0. 

4.  03 

14.  .54 

19  40A 

CP40 

10.  00 

27 

27 

0 

3.11 

0. 

3.11 

11.07 

20  90A 

CP?0 

1  0.  00 

^6 

24 

0 

2.99 

0. 

2.5-9 

1 0. 44 

21  40a 

CP-5.0 

10.  00 

13 

13 

0 

1.50 

0. 

1.50 

5.  33 

22  70a 

cpro 

1  0.  00 

3 

3 

0 

.39 

0. 

.35 

1.23 

23  49a 

CP99 

10.00 

2 

2 

0 

.23 

0. 

.23 

.82 

24 

10.00 

0 

0 

0. 

0. 

0. 

0. 

0. 

29  BBSS 

10.00 

14 

14 

0 

1.84 

0. 

1.34 

4.54 

24  lOB 

CPIO 

10.00 

17 

17 

0 

1.94 

0. 

1.94 

9.50 

27  20B 

CP20 

10.00 

47 

47 

0 

5.41 

0. 

5.41 

24.24 

28  30B 

CP30 

10.00 

30 

30 

0 

3.45 

0. 

3.45 

14.74 

29  40B 

CP40 

10.00 

35 

35 

0 

4.03 

0. 

4.  03 

19.55 

30  90B 

CP50 

10.  00 

29 

29 

0 

3.34 

0. 

3.24 

14.20 

31  40B 

CP40 

10.00 

8 

3 

0 

.92 

0. 

.92 

4.47 

32  70B 

CP70 

10.00 

3 

3 

0 

.35 

0; 

.35 

1.48 

33  99B 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

34  ???? 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

39  BBBB 

10.00 

10 

10 

0 

1.19 

0. 

1.19 

5.59 

34  IOC 

CPIO 

10.00 

10 

10 

0 

1.19 

0. 

1.15 

33.33 

37  20C 

CP20 

10.00 

5 

5 

0 

.58 

0. 

.53 

14.47 

33  30C 

CP30 

10.00 

4 

4 

0 

.49 

0. 

.69 

20.  00 

39  40C 

CP40 

10.00 

3 

3 

0 

.39 

0. 

.35 

10,00 

40  90C 

CP50 

10.00 

3 

3 

0 

.39 

0. 

.35 

10.00 

41  40C 

CP40 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

42  70C 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

43  99C 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

44  ???? 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

49  BBBB 

10.00 

3 

3 

0 

.39 

0. 

.35 

10.00 

44  lOD 

CPIO 

10.00 

41 

41 

0 

4.72 

0. 

4.72 

44.09 

47  200 

CP20 

10.00 

7 

7 

0 

.81 

0. 

.31 

7.53 

48  300 

CP30 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

49  400 

CP40 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

90  900 

CP50 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

91  400 

CP60 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

92  700 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

93  990 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

94  ???? 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

99  BBBB 

10.00 

45 

49 

0 

9.18 

0. 

5.18 

48.39 

94  lOE 

CPIO 

10.00 

12 

12 

0 

1.33 

0. 

1.33 

12.50 

97  20E 

CP20 

10.00 

24 

24 

0 

2-76 

0. 

2.74 

25.00 

98  30E 

CP30 

10.00 

15 

19 

0 

1.73 

0. 

1.73 

15.43 

99  40E 

CP40 

10.00 

10 

10 

0 

1.19 

0. 

1.19 

10.42 

4B  90E 

CP30 

10.00 

23 

23 

0 

2.49 

0. 

2.45 

23.94 

41  4oe 

CP60 

10.00 

4 

4 

0 

.44 

0. 

.44 

4.17 

D-2 


EXHIBIT  D-1.  (Continued) 


70E 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

«3 

99€ 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 
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$$fS 

10.00 

4 

4 

0 

.80 

0. 

.80 

100. 00 

lU 

lOK 

CPIO 

10.00 

9 

9 

0 

1.81 

0. 

1.81 

92.94 

117 

20K 

CP20 

10.  00 

4 

4 

0 

.80 

0. 

.80 

23.33 

118 

30K 

CP30 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

119 

4  OK 

CP40 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

120 

9  OK 

CP50 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

121 

60K 

CP60 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

122 

70K 

cpro 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

123 

99K 

CP*9 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

124 

???? 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

129 

ssst 

10.00 

4 

4 

0 

.80 

0. 

.80 

23.93 

126 

lOL 

CPlO 

10.00 

1 

1 

0 

.20 

0. 

.20 

16.67 

127 

20L 

CP20 

10.00 

1 

1 

0 

.20 

0. 

.20 

16.67 

128 

30L 

CP30 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

129 

40L 

i:p4o 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

130 

90L 

CP50 

lu.oo 

2 

2 

0 

.40 

0. 

.40 

33.33 

131 

60L 

CPiiO 

10.00 

1 

1 

0 

.20 

0. 

.20 

16.67 

132 

70L 

cpro 

10.00 

1 

1 

0 

.20 

0. 

.20 

16.67 

133 

99L 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

134 

7777 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

139 

♦♦•4 

%%%% 

10.00 

0 

0 

0 

»44444 

0. 

0. 

0. 

0. 

A- 
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EXHIBIT  D-3.  LOGIC  DIAGRAM  FOR  ANALYZING  DAMAGE  CENTERLINE 
DISTANCE  FROM  BOW- -CRACKS 


MUIC  flMMfc-  J  *iBl. 


MO. 

MHflE 

EVEMT 

weight 

— c  — 

-M-'D- 

--S1  — 

— PT  — 

— PP-- 

1 

LEVO 

COM  1 

100. 00 

230 

4  36 

0 

1  0  0 .  0  0 

0. 

100. 00 

1 00. 00 

EMi 

88; 

7.14 

101 

101 

0 

36.  07 

0. 

36.  07 

36.  07 

3 

PH1< 

F'8C 

7.  14 

41 

41 

0 

1 4 . 64 

0. 

14.64 

14.64 

4 

PMli 

P80 

7.  14 

8 

8 

0 

2.86 

0. 

2 . 86 

2 . 86 

s 

P»3E 

P8t; 

7.14 

31 

31 

0 

11.07 

0. 

11.07 

11. 07 

KSfc 

►  SC 

7.14 

25 

25 

0 

8.93 

0. 

8.93 

8.  93 

7 

Ksn 

CiP 

7.14 

24 

24 

0 

8.57 

0. 

8.57 

8.57 

8 

KES 

FES 

7.14 

13 

1  3 

0 

4.64 

0. 

4.64 

4.64 

9 

KEli 

CEO 

7.  14 

14 

14 

0 

5.  00 

0. 

5.  00 

5.  00 

10 

I'El: 

•■EE 

7.  14 

7 

7 

0 

2.50 

0. 

2.50 

2.50 

1 1 

UPC 

UPC 

7.  14 

3 

3 

0 

1. 07 

0. 

1. 07 

1. 07 

la 

LUi; 

LWC 

7.  14 

6 

6 

0 

2.  14 

0. 

2.  14 

2.  14 

13 

COM 

COM 

7.14 

4 

4 

0 

1.43 

0. 

1.43 

1.4  3 

14 

? 

7.  14 

0 

0 

0 

0. 

0. 

0. 

0. 

15 

1.11$ 

7.  14 

3 

3 

0 

1.07 

0. 

1.07 

1 . 07 

16 

1  08 

CPIO 

10.00 

35 

35 

0 

12.50 

0. 

12.50 

34.65 

17 

208 

CP20 

10.  00 

20 

20 

0 

7.  14 

0. 

7.  14 

19.80 

13 

308 

CP  30 

10.  00 

15 

15 

0 

5.36 

0. 

5.36 

14,85 

19 

408 

CP4  0 

10.  00 

3 

8 

0 

2.86 

0. 

2.86 

7.92 

20 

508 

CP50 

10.  00 

9 

9 

0 

3.21 

0. 

3.21 

8.91 

21 

608 

i:p6o 

10.  00 

7 

7 

0 

2.50 

0. 

2.50 

6.93 

22 

708 

CP70 

10.  00 

1 

1 

0 

.36 

0. 

.36 

.99 

23 

998 

CP99 

10.00 

1 

1 

0 

.36 

0. 

.36 

.99 

24 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

25 

Ills 

10.  00 

5 

5 

0 

1.79 

0. 

1.79 

4.95 

26 

lOP 

CP  10 

10.  00 

4 

4 

0 

1.43 

0. 

1.43 

9.76 

27 

20B 

CP20 

10.  00 

13 

13 

0 

4.64 

0. 

4.64 

31.71 

23 

30P 

CP30 

10.  00 

8 

8 

0 

2.36 

0. 

2.86 

19.51 

29 

40E 

CP4  0 

10.  00 

6 

6 

0 

2.  14 

0. 

2. 14 

14.63 

30 

50E 

CP50 

10.  00 

8 

8 

0 

2.86 

0. 

2.86 

19.51 

31 

6013 

CP60 

10.  00 

1 

1 

0 

.36 

0. 

.  36 

2.44 

32 

7  OP 

CP70 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

33 

99P 

CP99 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

34 

?77? 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

35 

lilt 

10.  00 

1 

1 

0 

.36 

0. 

.36 

2.44 

36 

IOC 

CPIO 

10.  00 

2 

2 

0 

.71 

0. 

.71 

25.00 

37 

20C 

CP20 

10.  00 

1 

1 

0 

.36 

0. 

.36 

12.50 

33 

30C 

CP30 

10.00 

1 

1 

0 

.36 

0. 

.36 

12.50 

39 

40C 

CP40 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

40 

50C 

CP50 

10.00 

2 

2 

0 

.71 

0. 

.71 

25.00 

41 

60C 

CP60 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

42 

70C 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

43 

99C 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

44 

???? 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

45 

lilt 

10.00 

2 

2 

0 

.71 

0. 

.71 

25.  00 

46 

lor 

CPIO 

10.00 

5 

5 

0 

1.79 

0. 

1.79 

16. 13 

47 

20D 

CP20 

10.  00 

1 

1 

0 

.36 

0. 

.36 

3.23 

48 

300 

CP  30 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

49 

4  00 

CP40 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

50 

500 

CP50 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

51 

600 

CP60 

10.  00 

0 

0 

D 

0. 

0. 

0. 

0. 

52 

700 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

53 

990 

CP99 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

54 

???? 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

55 

till 

10.00 

25 

25 

0 

8.93 

0. 

8.93 

80.65 

56 

lOE 

CPIO 

10.00 

3 

3 

0 

1.07 

0. 

1.07 

12.00 

57 

20E 

CP20 

10.00 

7 

7 

0 

2.50 

0. 

2.50 

28.00 

58 

30E 

CP30 

10.00 

7 

7 

0 

2.50 

0. 

2.50 

28.00 

59 

40E 

CP40 

10.00 

1 

1 

0 

.36 

0. 

.36 

4.00 

60 

50E 

CP50 

10.00 

5 

5 

0 

1.79 

0. 

1.79 

20.00 

61 

60E 

CP60 

10.  00 

1 

1 

0 

.36 

0. 

.36 

4.00 

62 

70E 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

63 

99E 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

64 

???? 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 
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EXHIBIT  D-3.  (Continued) 


nil 

1  0.  00 

1 

1 

0 

.  36 

0. 

.  36 

4.  00 

66 

»0F 

C  P  1  0 

1  0.  00 

5 

0 

1 . 79 

0. 

1.79 

80.  83 

67 

8  OF 

OP  80 

1  0.  00 

4 

4 

0 

1.43 

0. 

1.4  3 

16.67 

6a 

3  OF 

CP  30 

1  0.  00 

3 

3 

0 

1.07 

0. 

1. 07 

18.50 

69 

4  OF 

CP4  0 

1  0.  00 

6 

6 

0 

8.  14 

0. 

8.14 

85.  00 

70 

5  OF 

CP50 

1  0.  00 

3 

3 

0 

1. 07 

0. 

1. 07 

18.50 

71 

6  OF 

C  P6  0 

1  0.  00 

1 

1 

0 

.  36 

0. 

.  36 

4.17 

7Z 

7  OF 

CP  70 

1  0.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

73 

99F 

C  P99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

74 

??77 

1  0.  00 

0 

0 

0 

n. 

0. 

0. 

0. 

7T> 

nil 

1  0.  00 

8 

8 

0 

.71 

0. 

.71 

8.  33 

76 

1  06 

CPIO 

10.00 

3 

3 

0 

1.07 

0. 

1. 07 

83.  08 

77 

806 

CP80 

1  0.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

78 

306 

CP30 

1  0.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

79 

4  06 

CP4  0 

1  0.  00 

0 

0 

0 

u. 

0. 

0. 

0. 

80 

506 

CP50 

1  0.  00 

0 

0 

0. 

0. 

0. 

0. 

81 

606 

CP60 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

88 

706 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

83 

996 

CP99 

1  0.  00 

0 

0 

0 

0. 

0. 

0.  . 

0. 

34 

???? 

1  0.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

85 

nil 

10.  00 

10 

10 

0 

3.57 

0. 

3.57 

76.98 

86 

lOH 

CP  1  0 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

87 

8  OH 

CP80 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

38 

3  OH 

CP  30 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

88 

4  OH 

CP40 

1  0.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

80 

5  OH 

CP50 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

91 

6  OH 

CP60 

1  0.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

98 

7  OH 

CP  70 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

93 

99H 

CP  99 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

94 

7777 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

95 

iiii 

10,00 

14 

14 

0 

5.  00 

0. 

5.00 

too.  00 

96 

101 

CPIO 

1  *  .  00 

8 

8 

0 

.71 

0. 

.71 

88.57 

97 

801 

CP80 

1  0.00 

8 

8 

0 

.71 

0. 

.71 

88.57 

98 

301 

CP30 

10.00 

0 

0 

0 

0. 

0. 

o; 

0. 

99 

401 

CP40 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

100 

501 

CP50 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

101 

601 

CP60 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

108 

701 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

103 

991 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

104 

7777 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

105 

nil 

10.00 

3 

3 

0 

1. 07 

0. 

1. 07 

48.86 

106 

lOJ 

CPIO 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

107 

80J 

CP80 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

108 

30J 

CP30 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

109 

40J 

CP40 

10.  00 

0 

0 

0 

0. 

0. 

0. 

0. 

110 

50  J 

CP50 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

111 

60J 

CP60 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

118 

70J 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

113 

99J 

CP9'^ 

10.00 

0 

0 

0 

u. 

0. 

0. 

0. 

114 

*'??? 

10.00 

0 

0 

0 

0. 

V  ■ 

0. 

0. 

115 

nil 

10.00 

3 

3 

0 

1. 07 

0. 

1.07 

100.  00 

116 

lOK 

CPIO 

10.00 

8 

8 

0 

.71 

0. 

.71 

33.33 

117 

8  OK 

CP80 

1  0.  00 

8 

8 

0 

.71 

0. 

.71 

33.33 

118 

3  OK 

CP30 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

119 

4  ok; 

CP40 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

180 

5  OK 

CP50 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

181 

60K 

CP60 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

188 

70K 

CP70 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

183 

99K 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

184 

7'{77 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

185 

nil 

10.00 

8 

2 

0 

.71 

0. 

.71 

33.33 

186 

lOL 

CPIO 

10.00 

1 

1 

0 

.36 

0. 

.36 

85.00 

187 

80L 

CP80 

10.00 

1 

1 

0 

.36 

0. 

.36 

85.00 

188 

30L 

CP30 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

189 

4  CL 

CP40 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

130 

50L 

CP50 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

131 

60L 

CP60 

10.00 

1 

1 

0 

.36 

0. 

.36 

85.00 

138 

70L 

CP7n 

10.00 

1 

1 

0 

.36 

0. 

.36 

£5.00 

133 

99L 

CP99 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

134 

rny 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 

135 

nn 

10.00 

0 

0 

0 

0. 

0. 

0. 

0. 
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EXHIBIT  D-4.  LOGIC  TREE  FOR  ANALYZING  DAMAGE 
CENTERLINE  FRm  BOW- -HOLES 


MOrih  HhMF:  ftLL 


HO. 

tHHf 

EVEHT 

l.lt  IHHT 

--C — 

-N^D- 

—31  — 

—  S2— 

--PT-- 

— PP-- 

1 

LtVO 

8DIJ 1 

1  0  0 .  0  0 

244 

347 

0 

1 UO, 00 

0. 

100.  00 

1 00. 00 

2 

F'H? 

PHi 

7.  14 

62 

6.2 

0 

25.41 

0. 

25.41 

25.41 

3 

PHI: 

PHP 

7.  14 

51 

51 

0 

20.  90 

0. 

20.90 

20.90 

4 

PfiH 

PHri 

7.  14 

8 

0 

3.  23 

0. 

3.23 

3.28 

•  5 

PHt- 

FHE 

7.  14 

30 

30 

0 

12.  30 

0. 

12.  30 

12.  30 

>  Sf: 

f  5-8 

7.  14 

2'=* 

29 

0 

1 1 . 39 

0. 

11. 89 

11.39 

7 

KSI' 

8S8 

7.  14 

7 

7 

0 

2.87 

0. 

2.87 

2.87 

€• 

KES 

FES 

7.  14 

11 

11 

0 

4.51 

0. 

4.51 

4.51 

9 

KEI' 

KEH 

7.  14 

12 

12 

0 

4.92 

0. 

4.92 

4.92 

Id 

KEfc 

KE8 

7.  14 

18 

18 

0 

7.33 

0. 

7.38 

7.38 

11 

UPC 

UPC 

7.  14 

1 

1 

0 

.41 

0. 

.41 

.41 

12 

LWC 

LWC 

7.  14 

10 

10 

0 

4.  10 

0. 

4.10 

4.  10 

13 

COH 

CQM 

7.14 

3 

3 

0 

1.23 

0. 

1.23 

1.23 

14 

???? 

7.  14 

0 

0 

0 

0. 

0. 

0. 

0. 

15 

1  111 

7.  14 

2 

2 

0 

.82 

0. 

.82 

.82 

16 

1  OH 

CP  10 

10.  00 

24 

24 

0 

9.84 

0. 

9.84 

38.71 

17 

2  OH 

CP20 

10.  00 

8 

8 

0 

3.28 

0. 

3.28 

12.  90 

18 

3  OH 

CP30 

10.00 

13 

13 

0 

5.33 

0. 

5.33 

20.  97 

19 

4  OH 

CP4  0 

10.00 

6 

6 

0 

2.46 

0. 

£.46 

9.68 

20 

50H 

CP50 

10.  00 

4 

4 

0 

1.64 

r>. 

1.64 

6.45 

21 

6  OH 

CP60 

10.  00 

3 

3 

0 

1.23 

0. 

1.23 

4.84 

£2 

7  OH 

CP  70 

10.  00 

£ 

2 

0 

.82 

0. 

.82 

3.23 

23 

99H 

C:P99 

10.00 

0 
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EXHIBIT  D-4.  (Continued) 
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EXHIBIT  D-5.  LOGIC  TREE  FOR  ANALYZING  DAMAGE  CENTERLINE 
DISTANCE  FROM  STERN- -ALL  DAMAGE 
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mi  7.14 

lOfl  CPIO  10.00 
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60A  CP60  10.00 
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60E  CP60  10.00 
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EXHIBIT  D-5.  (Continued) 
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EXHIBIT  D-6  (Continued) 
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EXHIBIT  D-7.  LOGIC  TREE  FOR  ANALYZING  DAMAGE  CENTERLINE 
DISTANCE  FROM  STERN--CRACI<S/FRACTURES 
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EXHIBIT  D-7.  (Continued) 
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EXHIBIT  D-8,  LOGIC  TREE  FOR  ANALYZING  DAMAGE  CEN'i’ERLINE 
DISTANCE  FROM  STERN- -HOLES 
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EXHIBIT  D-10.  LOGIC  TREE  FOR  ANALYZING  FREQUENCY  OF  SIDE 
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